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ABSTRACT 
A series of poly(di-n-alkyl)si lane copolymers derived from Poly- 
(di-n-hexyl)silane, PDHS, was prepared. Mesomorphic phase tran- 
sitions of these copolymers depend on fraction as well as on the 
size of the comonomers.  DSC and temperature  dependent  
UV-spectroscopy were employed to study the effect of constitutional 
disorder on the length of all-trans ~-conjugated Si-Si catenated 
chromophores. 
INTRODUCTION 
Polysilanes can be described as "one dimensional silicon" with 
intriguing photoconductive and nonlinear optical properties [1,2]. 
Like other symmetr ica l ly  subst i tuted inorganic polymers, 
polysilanes show characteristic transitions from a highly ordered 
low temperature phase to a part ial ly disordered, hexagonal 
mesophase [3]. The mesomorphic behavior and the related solid state 
UV-thermo- and piezochromism [4] depend strongly on the order of 
the catena-sil icon backbone in the rigid low temperature phase. 
The conformation of the backbone is determined by the interaction 
and crystall ization of the sidechains. Poly(di-n-hexyl)silane, 
PDHS, assumes an all-trans conformation, whereas poly(di-n- 
pentyl)silane, PDPS, and poly(di-n-butyl}silane, PDBS, adopt a 7/3 
helical structure. In this paper we describe the investigation of a 
series of poly(di-n-alkyl}silane copolymers derived from PDRS. The 
phase transitions were monitored by DSC and temperature dependent 
UV-spectroscopy. 
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A. Svnthemls and c~na~ac£erization of £h~ POivt~Li-n-~lkvl~silan~ 
The copolymers were prepared by a Wurtz-type coupling reaction of 
mixtures of the di(n-alkyl)dichlorosilanes as described previously 
[5]. Typically, the molecular weight distributions of the polymers 
were monomodal with a small amount of oligomeric material, which 
could be separated by fractional precipitation. The molecular 
weights M w of the copolymers ranged between 400,000 and 600,000, 
referenced to narrow polystyrene standards. Solution 13C-NMR 
spectroscopy showed that the composition of the copolymers equaled 
the composition of the mon~ner feed, due to the similar reactivity 
of the monomers. The 13C{1H} spectra of the copolymers consist of 
a series of sharp peaks, which could be assigned to the methylene 
units of the side chains [5]. 
B. Crystallization an d PhA~e TranAition§ 
A strongly endothermic first order phase transition is observed 
for PDHS at 42°C [1]. In the low temperature phase, the PDHS 
molecules are rigidly ordered in a three-dimensional lattice and 
the alkyl side-chains are packed in an array typical for paraffin 
molecules. The phase transition has been attributed to subsequent 
disordering of side chains and the main chain. The incorporation of 
shorter side chains like n-pentyl, n-butyl or n-propyl leads to 
defect sites in the lattice of PDHS and introduces intra- as well 
as intermolecular disorder. 
Table i: Transition Temperatures, Enthalpies and Entropies for the 
90/10 and the 80/20 copolymers. Maxima of UV-absorptions 
of the rigid low temperature phase are also listed. 
Polymer Ttrans AR~rans AStrans Amax 
[K] [KJ/mol] [J/mol K] [nm] 
PDHS 315 14.8 47.1 372 
90/10 P(DHS/DPS) 307 12.7 41.5 367 
80/20 P(DHS/DPS} 283 10.3 36.6 346 
90/10 P(DHS/DBS) 302 11.5 38.1 365 
80/20 P(DHS/DBS} 295 6.3 21.3 - 
90/10 P(DHS/DPrS) 287 7.0 24.4 362 
80/20 P (DRS/DPrS) 269 3.3 12.1 - 
The  ca lo r imet r i c  data  l i s ted  in  tab le  1 show a decrease  o f  
t rans i t ion  temperatures  and  t rans i t ion  entha lp ies  w i th  inc reas ing  
f rac t ion  o f  smal le r  ccaono~sr .  In  a recent  paper  we reposed  on  the  
behav io r  o f  P (DHS/DPS)  copo lymers  [5 ] .  In  th i s  case ,  fo r  a l l  
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intermediate concentrations the formation of columnar mesophases is 
observed. The CopOlymers show i sod imorph icmixed  crystal formation. 
This a lso appl ies  to the copo lymers  wi th  n-buty l  or n-propyl  
s idechains descr ibed here, where large defects are created in the 
la t t i ce  and thus the s ide cha in  in teract ions  are lowered 
considerably.  The comparison of the t rans i t ion enthalpies shows 
that there are two parameters determining the phase transit ions: 
The f ract ion as wel l  as the length of the shorter  side chains 
incorporated. 
~Qlid State UV SPectrosCOPy 
PDHS shows a marked UV-thermochromism, when spincast f i lms are 
heated above the phase transit ion temperature of 42°C. The UV-ab- 
sorpt ionband shifts from 372 nmto  315 nm [i]. This thermochromism 
is complete ly  reversible and is ascr ibed to the onset of mobi l i ty 
of long al l -trans ordered, ~-conjugated backbone segments. 
The long wavelength UV-absorption of PDHS is due to the decrease of 
the band gap energy between ~-de loca l i zed  HOMO and LUMO for 
t rans -sequences  compared to gauche S i -S i -bonds of the poly- 
(d i -n -a lky l )s i lanes .  The molecu lar  nature of the s idechain 
determines the mean free energy of the formation of kinks. Gauche 
conformations in the Si-Si-backbone in the low temperature phase 
are favored with increasing number of defects in the paraff in-l ike 
array of the side chains. 
Fig. la, b: 
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Fig. 1 shows a comparison of the thermochromism of the homopolymer 
PDHS and the copolymer 90/10 P(DHS/DBS). ~max for the ordered low 
temperature phase of the copolymers is b lueshi f ted in comparison 
with PDHS, as also l isted in Table i. This can be explained by the 
decrease  of the length  of a l l - t rans  con jugated  backbone 
chromophoEes. The thermochromic transit ion temperatures correspond 
to the DSC-data. 
DSC and sol id state UV-spectroscopy were employed to study the 
effect o~ const i tut ional  d isorder  on the crysta l l i zat ion and 
mesophase format ion of po ly(d i -n -hexy l}s i ly lene copolymers. It 
could be shown, that transition temperatures, UV-thermochromism and 
UV-absorpt ion maxlm~ can be control led by the size as well as the 
fraction of shorter side chain monomer incorporated. In all cases, 
the format ion of a columnar mesophase was l i tt le af fected by 
copolymer izat ion of DHS and shorter side chain units. In the 
disordered high temperature phase, all copolymers seem to have a 
similar mesophase structure. These results are supported by MAS 
29Si-NMR spectra reported elsewhere [5]. Currently, the effect of 
copolymerization on photoccnductivities is being studied. 
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